Abstract-Kinetic resolution of 2-hydroxyalkanamides was performed by tosylation in the presence of copper(II) triflate and (R,R)-Ph-BOX as a catalyst. This method was successfully applied to a variety of 2-hydroxyalkanamides in high enantioselectivity with up to 92% ee, and then tosylated product was easily transformed into optically active α-amino acid derivatives.
We began on investigation by trying the tosylation of methyl DL-mandelate (4) as a model compound to see whether it was recognized by chiral copper(II) complex. The result showed that in the absence of copper(II) triflate and (R,R)-Ph-BOX the reaction of 4 with TsCl afforded 5 in 37% yield (Eq. 2). However, in the presence of copper (II) triflate and (R,R)-Ph-BOX, any reaction did not proceed. In contrast, DL-mandelanilide (1a) was tosylated more efficiently in the presence of Cu(II)−(R,R)-Ph-BOX than in the absence of it (Eq. 3). These results suggests that 1a might be recognized with Cu(II)−(R,R)-Ph-BOX complex in the same way as kinetic resolution of 1,2-diols. 
Next, we investigated the effect of solvents and bases so as to optimize reaction conditions for kinetic resolution of DL-1a by tosylation (Eq. 4).summarized in Table 1 , which shows a dependence of the yield and % ee of the product 3a on the used base and solvent. Use of MeCN as a solvent and K 2 CO 3 as a base gave tosylated product (S)-3a 9 in 42% yield and with a high enantioselectivity (80% ee) and selectivity s 11 value of 17 (Entry 1). Other solvents except for CH 2 Cl 2 (Entry 6) were less effective (Entries 2-5). Although, Na 2 CO 3 , NaHCO 3 and Li 2 CO 3 gave comparable s value to K 2 CO 3 , the yield of (S)-3a was low (Entries 7-9). In the case of diisopropylethylamine (DIPEA), the yield of (S)-3a and ee was low compared to that of K 2 CO 3 (Entry 10). The result of using 0.05 equiv of Cu(OTf) 2 and (R,R)-Ph-BOX was slightly inferior to that of using 0.1 equiv of chiral Cu(II) catalyst (Entry 11). Utilizing the conditions optimized in Table 1 , we screened the effect of amide substituents (Eq. 5). The results are shown in Table 2 . The s value of compound 1b substituted with chloro atom at the para position was slightly lower than that of 1c with methyl group (Entries 1 and 2 ). Whereas aliphatic amide 1d was ineffective (entry 3), N,N-dialkylated mandelamide 1e was asymmetrically tosylated to afford (S)-3e with moderate enantioselectivity (68% ee) (Entry 4). This result indicates that N-H group is not essential. Unsubstituted mandelamide (1f) gave high s value of 29 with somewhat low conversion (Entry 5). Table 3 summarizes kinetic resolution of various 2-hydroxyalkanamides 1an-az by tosylation under the optimized reaction condition (Eq. 6). 12 Straight chained 2-hydroxyalkanamides 1an-at were asymmetrically tosylated to afford corresponding optically active (S)-3an-at in moderate yield and high enantioselectivity (Entries 1-7).
Compound 1au substituted with iPr group was kinetically resolved with high s value of 22 (Entry 8), while compound 1av substituted with tBu group fell short in terms of yield and enantioselectivity (Entry 9). Both cyclobutylated compound 1aw and Tosyloxyl group is a good leaving group, thus (S)-3a undergoes S N 2 reaction with primary amine to form N-alkylated α-amino acid (R)-6 with a slight degree of racemization in high yield, 15 while N,N-dialkylated derivative (R)-7 was obtained using secondary amine without any loss of optical purity (Eq. 7). In conclusion, we have demonstrated a new non-enzymatic method for kinetic resolution of 2-hydroxyalkanamides 16 and converted the chiral tosylated products to optically active α-amino acid derivatives. The mechanistic study of this tosylation and its further synthetic application are underway.
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